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^TTASniyOTONs 

GOYER^'MENT   PRIIN-TING   OFFICE. 
1882. 


Department  of  Agricultuee, 

WasJiington,  B.  C,  March  27,  1882. 
SiE :  I  submit  for  your  consideration  the  following  suggestions  with 
regard  to  i>lants  and  fertilizers,  which  were  laid  before  this  department 
by  Professor  Atwater  at  the  agricultural  convention  held  here  in  January 
last. 

I  consider  it  very  imi)ortant  that  these  suggestions  should  be  put  to 
a  practical  test,  and  I  shall  feel  under  great  obligations  if  you  will 
establish  a  series  of  experiments  upon  the  i^lants  and  fertilizers  herein 
enumerated,  and  will  submit  a  report  thereon  to  the  department  with 
as  much  care  and  elaboration  as  you  can  without  interfering  with  your 
duties  or  with  the  work  which  you  have  assigned  yourself. 
Very  resx)ectfully, 

GEO.  B.  LOEING, 
Commissioner  of  Agriculture, 


COOPERATIVE  EXPERIMENTING 


MEANS    OF  STUDYING    THE  EFFECTS  OF   FERTILIZERS  AND  THE 
FEEDING  CAPACITIES  OF  PLANTS. 


By  Prof.  W.  O.  Atwater. 


Farmers,  from  Canada  to  Texas,  are  spending  millions  upon  millions 
of  dollars  every  year  for  guano,  fish  scrap,  ammoniated  superphos- 
phates, nitrate  of  soda,  and  the  like.  Ostensiblj',  they  are  buying  the 
fertilizers  at  from  820  to  $100  per  ton.  Actually,  they  are  buying  nitro- 
gen at  from  15  to  40  cents  per  pound.  But  need  the  farmer  spend  so 
much  for  nitrogen?  Or  might  he  nse  more  with  ijrofit?  These  are 
questions  that  no  professor  of  agriculture  can  answer.  Indeed,  no 
chemist  or  botanist  to-day  can  so  much  as  tell  him  how  the  different 
l)lants  he  cultivates  stand  related  to  nitrogen,  for  what  ones  he  must 
buy  it,  and  Avhat  ones  he  may  use  in  his  rotation  to  gather  it  from  na- 
ture's stores  and  furnish  it  to  him  without  money  and  without  price  save 
the  cost  of  tillage. 

The  question  of  the  nitrogen  supply  is  only  one  of  a  great  many  whose 
solution  is  most  urgently  demanded.  We  must  know  how  to  feed  our 
plants,  or  go  without  food  ourselves.  We  need  more  light.  Some  must 
come  from  the  laboratory  and  the  greenhouse  j  some  must  be  sought  in 
the  field. 

Field  experiments  rationally  planned,  carefullj^  carried  out,  faithfully 
reported,  and  interpreted  wifh  the  aid  of  the  most  advanced  science, 
will  carr}^  us  far  toward  finding  out  many  of  these  things  which  we  so 
nuich  want  to  know.  If  along  with  these  we  can  have  in-oper  studies, 
chemical  and  physical,  of  the  soils  exi^erimented  upon,  analyses  of  the 
plants  ijroduced,  and  in  addition  i)ot  exi^eriments  whose  conditions  can 
be  definitely  known  and  controlled,  and  especially  if  we  can  work 
together  we  maj'  hope  for  the  information  we  need. 

Five  years  ago,  while  director  of  the  Connecticut  Agricultural  Exper- 
iment Station,  I  suggested  some  field  experiments  with  fertilizers  to  be 
carried  out  by  farmers  for  the  purpose  of  studying  the  needs  of  their 
soils  and  the  best  materials  to  supply-  them.  The  outgrowth  of  these, 
in  the  form  of  extended  series  of  experiments  during  four  successive 
seasons,  has  been  stated  briefiy  in  the  American  AgricidUirist^  and,  in 
more  detail,  in  the  Keports  of  the  Connecticut  Board  of  Agriculture 
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for  1877,  1878,  1870,  and  1880.  The  experiments  of  1881  liave  not  yet 
been  published  in  detail,  but  a  few  of  the  more  important  results  will 
be  given  herewith. 

With  the  sets  of  experimental  fertilizers  w^ere  sent  blanks  on  which 
any  who  should  choose  were  invited  to  send  reports  of  their  experiments. 
Xearly  three  liundred  experiments  have  been  reported.  They  come 
from  colleges,  experiment  stations,  and  individual  farmers  in  all  the 
States  east,  and  from  some  west  of  the  Mississippi,  and  from  several  of 
the  British  provinces.  The  quality  of  the  work  as  indicated  by  the  re- 
ports is  most  gratifying. 

The  exi)eriments  have  been  of  two  classes.  The  first,  which  may  be 
called  general  experiments,  are  of  a  simpler  sort,  and  intended  primarily 
for  soil  tests,  involve  the  use  of  eight  or  more  different  kinds  and  mix- 
tures of  fertilizing  materials  containing  nitrogen,  phosphoric  acid,  and 
potash.  The  second  class,  the  "special nitrogen  experiments",  have  been 
of  more  complic  ited  character,  and  have  had  for  their  object  the  study  ot 
the  feeding  capacities  of  some  of  our  more  common  cultivated  plants, 
with  si)ecial  reference  to  the  nitrogen  supply. 

It  is  to  these  latter  experiments  that  attention  is  especially  invited 
hire. 

THE   FEEDI^'G^   CAPACITIES   OF   TLANTS. 

The  experiments  we  are  discussing  bring  us  face  to  face  with  one  of 
the  most  important  problems  with  which  agricultural  chemistry  has  to 
deal,  and  at  the  same  time  throw  some  new  light  upon  it-  I  refer  to 
what  may,  i)erhaps,  be  most  properly  called  the  feeding  capacities  ot 
l)lants,  their  power  of  gathering  their  supplies  of  food  from  soil  and  air, 
and  the  effects  of  the  artificial  supply  of  different  ingredients  of  jilant- 
food  upon  their  growth. 

A  vast  deal  of  experience  in  the  laboratory  and  in  the  field  bears  con- 
current testimony  to  the  fact,  though  we  are  still  deplorably  in  the  dark 
as  to  how  or  why  it  is  so,  that  different  kinds  of  plants  have  different 
capacities  for  making  use  of  the  stores  of  food  that  soil  and  air  contain. 
Of  the  ingredients  of  [)laut  food  in  our  soils,  the  most  important,  because 
the  most  costly,  is  nitrogen.  Leguminous  crops,  like  clover  do  somehow 
or  other  gather  a  good  suppl^^  of  nitrogen  where  cereals,  such  as  wheat, 
barley,  rye,  and  oats  would  half  starve  for  lack  of  it,  and  this  in  the  face 
of  the  fact  that  leguminous  plants  contain  a  great  deal  of  nitrogen,  and 
cereals  relatively  little.  Hence  a  heavy  nitrogenous  manuring  may  pay 
well  for  wheat  and  be  in  large  part  lost  on  clover. 

NEED   OF   MORE   INFORMATION. 

Hitherto  we  have  been  comi^elled  to  rely  mainly  upon  European  in- 
vestigations foi'  our  facts  regarding  the  nutrition  of  plants  and  the  ac- 
tion ()(■  manures.  Our  information  is  incomplete,  and  wen  the  foremost 
teachers  may  give  us  wrong  counsel. 

J)r.  »I.  D.  Lawes,  of  Iiothamsted,  England,  unquestionably  the  fore- 


most  field  experimenter  in  the  world,  in  writing,  in  1873,  to  tlie  treas- 
urer of  rhe  Massachusetts  Society-  for  the  Promotion  of  xigriciiltiire, 
said:  ''The  best  i)ossible  manure  for  all  graminaceous  crops — wheat, 
barley,  maize  (corn),  oats,  sugar-cane,  rice,  and  pasture  grass — is  a  mix- 
ture of  superphosphate  and  nitrate  of  soda.  *  ♦  *  Potash  is  gen- 
erallj'  found  in  sufficient  quantities  in  soils,  and  the  artificial  supjjly  is 
not  required."  In  more  than  half  of  our  ex[)eriments  with  corn,  and  in 
nearly  all  with  potatoes,  the  crops  have  been  materially  aided  by  pot- 
ash salts,  and  without  potash  in  the  fertilizer  they  have  often  failed. 
The  mixture  which  Dr.  Lawes  regards  as  "the  best  possible  manure" 
for  corn  was  sometimes  very  useful  and  sometimes  brought  almost  no 
return.  The  potash,  which  his  experience  in  England  led  him  to  con- 
sider superHuous,  was  here,  in  many  cases,  the  most  necessary  of  all  the 
lertiliziug  ingredients. 

Several  years  ago  the  professor  of  agiculture  of  one  of  our  leading 
agricultural  colleges  proposed  a  series  of  formulas  for  different  croj^s. 
With  the  rest  was  one  for  corn,  which,  with  a  moderate  proportion  of 
l)otash  and  a  small  amount  of  phosphoric  acid,  supi^lied  nitrogen  a^  the 
rate  of  04  pounds,  and  at  a  cost,  of  over  §15  per  acre.  Later,  a  well- 
known  writer  ui)on  agricultural  science  has  enthusiastically  advocated 
the  culture  of  corn  with  chemicals,  recommending  for  the  purpose,  and 
using  in  an  extensive  series  of  experiments  upon  his  own  farm,  a  fertil- 
izer which  sui)phed  nitrogen  at  the  rnte  of  90  pounds,  and  at  a  cost  of 
818  to  8-0  per  acre.  Both  of  these  gentlemen  thus  assumed  that  to  raise 
corn  successfully  would  require  laige  and  costly  su])plies  of  nitrogen. 
The  question  whether  corn  can  gather  its  own  nitrogen,  like  clover,  or 
demands  an  artificial  supi)ly,  like  wheat,  whether  it  is  an  "exhausting" 
or  a  "reuovating"  crop,  has  been  much  discussed.  Upon  its  answer  de- 
pends the  success  of  corn-growing  in  our  older  States.  The  experiments 
referred  to  bear  emphatic  testimony  upon  this  point.  The  corn  has  al- 
most uniformly  refused  to  respond  to  nitrogen  in  fertilizers,  and  persi^sts 
in  getting  on  well  without  any  artificial  supply.  But  it  has  been  largely 
benefited  by  phosphoric  acid,  and  often  by  potash.  The  formulas  above, 
v.'itli  their  large  and  excessively  expensive  amounts  of  nitrogen,  would, 
in  nearly  every  case,  have  involved  great  waste  of  both  fertilizer  and 
money. 

EXPERniEXTS    VPOX    THE    EFFECTS    OF    NITROG^ENOUS    FERTILIZERS. 

One  of  the  ways  in  which  co-oi)erative  field  experiments  may  aid  in 
the  solution  of  these  problems  may  be  illustrated  by  citing  some  of  the 
details  of  the  series  of  experiments  upon  the  effect  of  nitrogen  in  fer- 
tilizers which  were  referred  to  above,  and  which  have  been  i^ei  formed  by 
a  number  of  professors  in  agricultural  colleges  and  practical  farmers, 
with  what  seems  to  me  most  gratifying  success. 
The  specific  questions  to  be  studied  may  be  stated  thus: 
1st.  How  do  the  plants  experimented  with  get  on  with  the  "mineral" 
fertilizers,  such  as  are  supplied  by  superphosphates  and  potash  salts? 


2(1.  More  especially',  Low  do  they  respond  to  nitrogen  wlien  added,  in 
different  forms  and  amounts,  to  the  mineral  fertilizers? 

3d.  And  (iually,  vdiat  inferences  may  we  draw  as  to  the  feeding  capaci- 
ties of  the  ]>hints,  their  power  to  gather  their  food  from  soil  and  air,  and 
tlie  effects  of  different  materials  upon  their  growth,  especial  reference 
being  made  to  the  nitrogen  supply! 

For  the  systematic  study  of  these  questions  a  special  '^nitrogen  ex- 
periment" was  devised  in  1878,  and  conducted  by  several  gentlemen. 
Similar  series  were  repeated  in  1879,  and  with  some  variations  in  1880 
and  1881. 

The  idea  was  to  compare  the  effects  of  mineral  fertilizers  (snperphos- 
phate  an  I  potash  salt)  alone,  and  the  ^ame  with  nitrogen  in  different 
amounts  and  forms.  The  plan  is  explained  in  tlie  following  extract  from 
a  circular  sent  to  the  experimenters : 

The  Ohjcct  of  (his  experiment  is  to  test  the  effects  of  nitrogenous  fertilizers  in  differ- 
ent amou  nts  and  conibinalions  npon  the  gro"wth  of  the  plant,  and  iniereutially  its 
capacity  to  gather  its  nitrogen  from  natural  sources. 

The  Fertilizers. — The  ingredients  and  amounts  are  snch  as  are  used  in  ordinary  prac- 
tice, phosphoric  acid  and  potash  being  sux)plied  in  about  the  proportions  that  occur 
in  a  corn  crop  of  fifty  or  sixty  bushels,  and  nitrogen  in  one-third,  two-thirds,  and  full 
amount  in  same  crop. 

Forma  of  Nitror/en. — The  nitrogen  is  supplied  as  nitric  acid  in  nitrate  of  soda;  as 
ammonia  in  sulphate  of  ammonia,  and  as  organic  nitrogen  in  dried  blood. 

Quantilies  of  Nitrogen. — The  nitrogen  is  sux^plied  at  the  rate  of  tweuty-fonr  pounds 
per  acre  in  "  one-third  ration " ;  forty-eight  pounds  per  acre  in  "  tNvo-thirds  ration"; 
and  seventy-two  pounds  per  acre  in  ''full  ration  ". 

Jn-angemeni  of  Plots  and  Fertilizers. — The  ingredients  are  snpplied  as: 

-n     fit-    +T       Q     J  Group  T.   Nos.  1 — 3.  each  bv  itself.  ?  Thus  testintr  the  effects  of  inffredients  sepa- 
I  artial  lertiuzers,    ^  Qiynp  jj,   ^ff^^g  ^_q^    r^.^^  j^^.  ^^^  j     lutely,  and  capacity  of  soil. 

f  Group  III.  Xos.  7—9.  Xitrogen  as  nitric  acid  ) 
in  nitrate  of  sodi.  I 

r,        1  ,      n    .-T  I  Group  IV.  Xos.  10 — 12.  Kitrojren  as  ammonia  I  Xitroiren     in     one-third,     two- 

Comi.lete  fertilizers   ^      iu  sulphate  of  ammonia.  (      thirds,  full  ration. 


1  Group  V.    Nos.  13 — 15.    Xitrogen  as  organic 
t     nitrogen  in  dried  Wood. 

The  fertilizers  were  supplied,  in  part  at  cost,  and  in  part  gratui- 
tously, by  the  Mapes  Formula  and  Peruvian  Guano  Company  of  New 
York.  Especial  thanks  are  due  to  Mr.  0.  V.  Mapes,  without  whose  in- 
terest and  enthusiasm,  as  well  as  counsel  and  substantial  help,  the  enter- 
prise could  not  have  succeeded  as  it  has. 

The  full  details  of  tbe  experiments  are  to  appear  in  a  leport  of  the 
United  States  Department  of  Agriculture.  The  tables  herewith  give 
an  outline  of  results  of  some  of  the  exi)eriments  of  the  last  season  and 
will  serve  as  illustrations.  The  figures  are,  however,  much  condensed 
and  many  interesting  details  are  omitted. 

Tabli:  I  gives  the  results  of  several  experiments  with  cotton,  corn, 
and  potatoes.  The  unfavorable  weather  which  affected  the  majority  of 
the  experiments,  has  reduced  the  yield  materially  in  most  of  these, 
in  several  the  effects  of  unevenness  of  soil  are  manifest;  on  some  the 
supply  of  available  ])lant  food  in  the  soil  was  evidently  so  great  as  to 
oUscure  the  action  of  the  fertilizers.     Those  of  Mr.  Xewton  with  corn 


and  Mr.  Manning  with  clover,  show  marked  exceptions  to  what  seems  to 
be  the  common  rule,  that  these  crops  are  not  greatly  aided  by  nitrogenous 
fertilizers.  Indeed,  all  illustrate  forcibly  our  need  of  more  experiment- 
ing. 

Table  II  shows  an  ex])eriment  on  an  older  and  slightly  different 
schedule.  It  is  interesting  both  because  of  its  sharply-defined  results 
and  as  an  illustration  of  the  excellent  work  ordinary  farmers  do  in  this 

line. 

Table  I.  Xitkogen  Experiments,  1881. 


I.  Prof.  W.  C.  Stubbs,  Alabama  Agricultural  and  Mechanical  College, 

Auburn,  Ala.: 
Soil — Worn-out  i)asture ;  level,  upland,  sandy,  light,  well-drained. 
Suhsoil — Reddish  yellow  clay.      Weather — Dry  and  unfavorable. 

II.  Edward  Hicks,  Old  Westbury,  N.  Y.: 

Soil — Level,  sandy  loam,  light,  dry.     Subsoil — Yellow  loam.     Pre- 
vious crop — Corn.     Weather — Dry  and  unfavorable. 

III.  Prof.  C.  L.  Ingersoll,  Purdue  University,  La  Fayette,  Ind. : 
JSoil — Upland,  level,  black,  similar  to  prairie,  sticky  when  wet, 

bakes  when  dry;  dry,  well  drained.     Subsoil — Gravel.     Previous 
crop — Corn.      Weather — Very  dry  and  unfavorable, 
lY.  Prof.  Samuel  Johnsox,  Michigan  Agricultural  College,  Lansing, 
Mich. : 
Soil — Level,   nplaoid,  sandy  loam,  light,  drained  dry.     Subsoil — 
Gravelly.     Previous  crop — Corn.     Weather — Dry,  cold,  unfavor- 
able. 
Y.  W.  C.  Newtox,  Durham,  Conn.: 

Soil — Old  meadow,  hill  land,  dark  loam.    Suhsoil — ]\Ioist.    Weather — 
Unfavorable. 
YI.  J.  W.  Pierce,  West  Millbury,  Mass.: 

Soil — Worn-out  grass  land,  upland,  nearly  level,  clay  loam,  light, 
dry.     Subsoil — Gravelly,  but  some  clay.     Weather— Cold  audim- 
favorable. 
YII.  C.  E.  Thorxe,   farm  manager,  Ohio  State  L^niversity,  Colum- 
bus, O. : 
Soil — Level,  upland,  clayey  loam,  ^'  drift  formation  "  from  Huron 
shale,   compact,  wet  before  draining.     Subsoil — Similar  to  sur- 
foce  soil,  retentive.     Previous  crop — Corn,  with  stable  mannre. 
Weather — Severe  drouth. 
YIII.  J.  M.  Manning,  Taunton,  Mass. : 

Soil — Upland,  sandy  loam,  loose.     Subsoil — Yellow  sand.     Previous 
crops — Potatoes  and  corn.     Weather — Unfavorable. 
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The  variety  of  results  in  the  different  experiments  is  very  striking. 
Mr.  W.  I.  Bartholomew,  of  Putnam,  Conn.,  has  been  conducting  the  nitro- 
gen experiments  with  corn  and  potatoes  for  three  years.  In  everj'  trial 
every  plot  which  has  received  phosphoric  acid  has  given  a  more  or  less 
satisfactory  return,  and  every  one  without  phosphoric  acid  has  failed. 
Nitrogen  and  potash  have  each  increased  the  yield  of  corn,  but  neither 
has  brought  enough  increase  to  paj'  its  cost,  and  the  loss  has  been  larger 
or  smaller  as  more  or  less  was  used.  Potatoes,  on  the  other  hand,  have 
responded  profitably  to  all  the  ingredients. 

Mr.  C.  Sage,of  Middletown,  Conn.,  has  had  a  very  different  experience. 
Nitrogen  has  proved  as  inefficient  on  his  land  as  on  ]\[r.  Bartholomew's. 
Phosphoric  acid,  which  Mr.  Bartholomew  finds  so  effective,  helps  him 
but  little,  while  potash  is  decidedly  the  regulating  ingredient,  the  corn 
lesponding  uniformly  and  largely'  to  every  application  of  potash  salt. 
One  hundred  and  fifty  pounds  per  acre  of  muriate  of  potash,  costing 
$3.50,  makes  the  difference  between  corn  so  poor  as  to  be  hardly  worth 
the  husking,  and  GO  bushels  or  more  of  beautiful  shelled  corn  and  a  fine 
growth  of  stalks. 

In  the  experiment  of  Mr.  C.  Newton,  of  Durham,  Conn.,  given  in 
Table  I,  we  have  a  still  different  result.  Potash  is  as  useless  as  in  Mr. 
Bartholomew's  experiment.  Phosphoric  acid  does  no  more  good  here 
than  with  Mr.  Sage.  But  the  nitrogen  to  which  both  these  gentlemen's 
corn  paid  so  little  heed  is  on  Mr.  Newton's  soil  uniformly  efficient.  The 
corn  responds  largely  and  profitably  to  nitrogen  in  every  form  and  on 
ever^^  plot,  and  the  yield  rises  and  falls  regularly  with  the  amount  of 
nitrogen  ai)plied;  I  should  add  that  in  each  of  these  cases  the  results  are 
those  not  of  a  single,  but  of  two  or  three  years'  trials.  Mr.  Newton's 
experience,  however,  seems  to  be  an  exception  and  an  unusual  one. 
Instances  in  which  the  nitrogen  is  absolutely  harmful  are  much  more 
frequent.  Professor  Thome's  in  Table  I  is  such  an  one.  The  corn  here 
suffered  from  very  severe  drought,  but  Professor  Thorne  writes  me 
that  he  has  observed  the  same  thing  in  favorable  seasons,  and  several 
other  reports  tell  the  same  story.  Mr.  J.  W.  Sanborn,  the  well-known 
iarm  superintendent  and  experimenter  of  the  New  Hampshire  Agricul- 
tural College,  has  a  case  in  which  sulphate  of  ammonia  helped  the  corn 
niaterialy  the  first  season,  did  no  good  the  second,  and  "utterly  demor- 
alized" it  the  third. 

On  soils  that  are  rich,  or  even  in  only  fairly  good  condition,  nitrogen- 
ous  IV-rtilizers,  like  other  manures,  often  show  very  little  effect.  Such 
seems  to  be  the  case  in  Professor  Henry's  experiment  in  Table  I. 

EFFECTS   OF   NITROGENOUS  FERTILIZERS   UPON   CORN. 

Estimating  a  bushel  of  corn,  with  its  cobs  and  stalks,  to  contain  1^ 
of  nitrogen,  and  to  be  worth  80  cents,  the  effects  of  the  nitrogenous 
fertilizers  in  the  s])e('ial  and  in  the  general  exi)eriments  may  be  sunnna- 
rized  as  follows,  remembering  that  tiie  8uperi)hosphate  and  potash  salt, 
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"mixed  minerals,"  snpi)lie(I  the  aiuonnts  of  phosphoric  acid  and  potash 
in  a  crop  of  not  far  from  55  or  00  bushels,  ^iiich  Y\'Ould  also  contain 
about  the  72  i)ounds  of  nitrogen. 

In  the  general  experiments  of  the  mixture  of  300  pounds  superi)hos- 
phate  and  200  pounds  muriate  of  i)otasli  brought  on  the  average  of  ttfty- 
three  experitnents,  about  43.}  bushels  of  shelled  corn  per  acre.  The 
special  exj)eriments,  however,  seem  to  me  a  fairer  test  of  what  the  fer- 
tilizers un\y  do,  because,  while  made  in  all  sorts  of  weather  and  on 
worn  out  soils,  they  were  nearly  all  on  soils  and  in  latitudes  titfor  cora, 
as  many  of  the  general  experiments  were  not.  In  these  the  mixture  of 
300  pounds  superphosphate  and  150  pounds  of  potash  salt,  which  can 
be  bought  for  88.25,  brouglit,  on  the  average,  43  bushels  of  shelled 
corn  i)er  acre.  Omitting  Mr.  Newton's  experiment,  the  results  of  which 
are  very  exceptional,  the  average  is  44.}  bushels. 

The  experiments  of  the  four  seasons  bear  almost  unanimous  testimony 
to  two  things :  The  corn  was  helped  but  little  by  nitrogen  in  the  fertil- 
izers; and  it  gathered  a  good  deal  from  natural  sources.  The  increase 
of  croi)  and  of  nitrogen  in  tlie  crop  will  appear  more  clearly  if  we  look 
at  it  another  way. 


In  ninnber  of 
trials. 

With  nitrogen. 

The   average   in- 
crease  of  coin 
was. 

The  increase  of  nit- 

Amount  per  acre,  j  Contained^in  crop 

logeu  in  the  crop 
was. 

95 
7G 
42 

Pounds. 
24 
48 
72 

Bv.'ihels. 

18 

54 

Bxishcls. 
3.6 
5.3 
6.6 

Founds. 

4.8 
7.1 
8.8 

Or,  estimating  the  results  in  dollars  and  cents 


In  trials,  total 
uuiubt-r. 

With  nitrogen, 
amounts. 

Costing. 

The  nitrogen 
paitl   for  it- 
self in  trials. 

trials.                 1       t^alswas. 

95 
76 
42 

24  lbs. 
48  lbs. 
72  lbs. 

$5  50 
11  00 
16  50 

21 

'      13 

4 

74 

6:? 
38 

$2  02 
6  76 
11   22 

The  only  cases  in  which  the  largest  rations  were  profitable  were  iu 
tlie  ex])eriments  of  Mr.  Newton. 

The  above  calculations  of  i)ecuniary  loss  and  gain  of  course  apply  only 
to  those  regions  where  corn  is  dear.  But  even  at  these  rates  tlie  nitrogen 
increased  the  crop  enough  to  pay  its  costs  in  only  38  trials  out  of  213. 
The  pecuniary  loss  rose  and  fell  with  the  amount  of  nitrogen  used. 
With  mineral  fertilizers  alone  the  crop  gathered,  by  the  above  estimates, 
some  GO  pounds  of  nitrogen  per  acre. 

The  important  fact,  however,  is  this :  The  corn  plant  has  in  these  trials 
shown  itself  capable  of  getting  on  and  bringing  fair  yields  with  small 
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amounts  of  the  less  costly  miueral  fertilizers,  even  in  the  worn-out  soils 
of  the  Eastern  States.  With  this  help  it  has  gathered  its  nitrogen  from 
natural  sources,  and  holds  it  readily  to  be  fed  out  on  the  farm  and  re- 
turned in  the  form  of  manure  for  other  crops.  In  other  words,  the  ex- 
l)eriments  thus  far  imply  that  corn  has,  somehow  or  other,  the  power  to 
gather  a  great  deal  of  nitrogen  from  soil  or  air,  or  both ;  that  in  this 
resjject  it  comes  nearer  to  the  legumes  than  the  cereals ;  that,  in  short, 
corn  may  be  classed  with  the  '' renovating"  crops.  If  this  is  really  so, 
and  this  can  be  settled  only  by  continued  experimenting,  then  our  great 
cereal,  instead  of  being  simply  a  consumer  of  the  fertility  of  our  soils, 
may  be  used  as  agent  for  their  restoration. 

FEEDING   CAPACITIES   OF   OTHER   CROPS. 

The  results  of  the  experiments  with  other  crops  were  briefly  sum- 
marized in  an  account  given  in  the  last  report  of  the  Connecticut 
board  of  agriculture,  as  follows  : 

Taking  all  iu  all,  the  potatoes  respouded  well  to  the  superphosphate,  the  potash  salt, 
and  the  uitrogenons  fertilizers,  and  the  "  complete  fertilizer"  has  been  most  profitable 
in  almost  every  case  where  the  weather  permitted  fair  growth.  None  of  the  other 
crops,  except,  perhaps,  turnips,  have  shown  such  uniformly  beneficial  results  from  all 
the  materials. 

The  experiments  indicate  very  decidedly  that  the  potato  plant  differs  from  many 
others  in  respect  to  the  eftect  of  these  ft- rtiliziug  materials  ux^on  its  growth,  and  imply 
that  it  has  less  capacity  than  corn  for  gathering  an  adequate  supply  of  food  from  nat- 
ural sources.  It  seems  to  demand  a  full  and  immediately  available  sn^iply  of  nourish- 
ment for  its  successful  growth. 

Concerning  the  other  crops,  the  data  at  hard  are  too  meager  to  warrant  any  gen- 
eral conclusions.  *  ^  *  In  general,  however,  the  experiments  accord  with  the 
common  notion  that  makes  superphosphate  almost  a  specific  for  turnips.  But  they 
imply  that  even  when  the  superphosphate  is  supplied  in  abundance,  the  tarniji  is  not 
usually  able  to  gather  enough  of  the  other  materials  for  a  full  yield  unless  they  are 
close  at  hand  in  readily  available  forms. 

EXPEREMEXTS   WITH   COTTOX. 

Professor  Stubbs'  experiment  with  cotton  is  extremely  interesting. 
Phosphoric  acid  has  great,  and  potash  very  little,  eflect.  Xitrogen 
increases  the  crop,  but  that  in  cotton-seed  meal  is  as  useiul,  or  more  so, 
than  in  the  other  and  more  costly'  materials,  nitrate  of  soda,  sulphate  of 
ammonia,  and  dried  blood.  This  is  onl}'  one  of  a  number  of  experi- 
ments which  Professor  Stubbs  has  made,  upon  whose  results,  added  to 
his  general  experience,  he  bases  a  number  of  important  conclusions, 
among  which  are  the  following : 

1.  Our  [Alabama]  soils,  which  result  from  the  disintegration  of  metamorphic  rocks, 
principally  felds])athic  and  hornbleudic,  need  a  little  nitrogen,  u)uch  phosphoric  acid, 
and  no  potash  for  cotton. 

2.  Our  great  want,  and  it  seems  to  prevail  through  the  older  cotton  States  (except 
the  black  creiaceous  belt  of  Alabama,  which  has  not  been  thoroughly  tested),  is  soluble 
l)hosphoric  acid.  On  worn-out  soils  a  small  amount  of  nitrogen  is  required.  A  fertil- 
izer with  :i  per  cent,  of  nitrogen  and  10  i)er  cent,  of  soluble  phosphoric  acid,  meets 
the  demand  very  well. 
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3.  Phosphoric  acid  hastens  and  nitrogen  retards  the  matnrity  of  the  crop. 

4.  Cotton  seed  and  cotton-seed  meal  are  as  eifective  as  dried  blood,  sulphate  of  am- 
monia, nitrate  of  soda,  or  other  nitrogenous  fertilizers,  and  far  cheaper  and  more  eco- 
nomical. 

To  what  extent  and  nnder  what  conditions  snch  principles  as  these 
are  applicable  in  the  cultnre  of  cotton  and  other  crops,  are  matters  of 
vital  importance  in  Sonthern  agricnltnre.  The  usefulness  of  systematic 
experiments  to  test  them  needs  no  argument. 

EFFECTS    OF    PHOSPHORIC   ACID    IX   DIFFERENT    FORMS   OF    C03rBIXA- 

TION. 

The  nitrogen  supply  is  only  one  of  the  many  questions  whose  solution 
is  of  vital  importance  to  our  agriculture.  The  relations  of  phosphoric 
acid,  potash,  and  other  ingredients  of  plant  food,  whose  lack  in  our  soils 
we  seek  to  supply,  at  great  expense,  with  phosphates  and  i)otash  salts, 
demand  equally  full  and  thorough  study. 

Treating  the  insoluble  phosphate  of  bone  or  mineral  phosphate  with 
acid  to  make  superphosphate  is  expensive.  Soluble  phosphoric  acid 
costs  us  from  12  to  15  cents  or  more  per  pound,  while  we  can  buy  it  in 
the  insoluble  forms  for  from  4  to  6  or  7  cents.  The  general  theory  is  that 
superphosphate  is  necessary,  but  still,  somehow  or  other,  many  of  us 
have  the  feeling  that,  in  many  cases  at  least,  the  cheaper  insoluble  phos- 
phates would  do  as  well;  that  fine  grinding  might  serA^e instead  of  super- 
phosphating;  and  that  there  are  many  cases  in  which  the  cheap  rock 
phosphates  might  replace  the  dearer  bone  manure.  If  so,  the  saving 
would  be  immense. 

The  Aberdeenshire  Agricultural  Association  of  Scotland,  through  Mr. 
Thomas  Jamieson,  F.  C.  S.,  its  chemist,  has  been  for  several  years  past 
conducting  an  extended  system  of  experiments  in  which  have  been 
studied,  with  other  things,  the  effects  of  phosphoric  fertilizers  of  differ- 
ent sorts,  alone  and  associated  with  nitrogen. 

The  results  of  several  years  work  on  five  typical  varieties  of  Aber- 
deen soil  in  the  oidinary  state  of  cultivation  are  summarized  by  IMr. 
Jamieson  in  the  statements. 

1.  That  phosphates  of  lime  decidedly  increase  the  turnip  crop,  hut  tliat  fanners  need 
not  trouble  themselves  to  know  whether  they  are  of  animal  or  mineral  origin. 

2.  That  soluble  phosphate  is  not  superior  to  insoluble  phosphate  to  the  extent  that 
is  generally  supposed. 

3.  That  nitrogenous  manures  have  little  effect  on  turnips  used  alone,  but  when  used 
with  insoluble  phosphates  increase  the  crop;  that  the  addition  of  nitrogen  to  solu- 
ble phosphates  does  not  seem  to  increase  the  solid  or  dry  matter  in  the  crop;  that 
there  is  no  material  difference  between  the  eifects  of  equal  quantities  of  nitrogen  in 
nitrate  of  soda  aiid  in  sulphate  of  ammonia. 

4.  That  fineness  of  division  seems  nearly  as  effective  in  assisting  the  braird  and  in- 
creasing the  crop  as  the  addition  of  nitrogenous  manures.  Hence  the  most  economi- 
cal phosphoric  manure  for  turnips  is  probably  insoluble  phosphate  of  lime,  from  any 
source,  ground  down  to  an  impalpable  powder. 
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Mr.  (j.  Clendou,  jr.,  of  Bnckner's  Station,  Ya.,  who  has  carried  oat  a 
series  of  the  ''general"  experiments  above  referred  to,  and  taken  the 
opx)ortnnity  to  test  finely-ground  South  Carolina  i)hosphate  alongside 
the  dissolved  bone-black,  obtained  with  the  raw  i)hosphate  a  yield 
larger  than  with  superphosphate  or  stable  manure,  and  nearly  as  large 
as  with  the  complete  fertilizer.  The  testimony  of  a  single  experiment, 
of  course,  must  always  be  questioned ;  but  Mr.  Clendon's  results  have 
the  regularity  that  characterizes  uniform  land,  and  seem  to  be  borne 
out  by  other  exi)eriments  and  his  geueral  experience.    He  writes : 

My  experiments  have  been  carried  on  over  ten  years.  In  every  year  the  good  effect 
of  the  raw  phosphate  was  apparent.  *  *  *  The  soil  is  a  decomposed  gneiss,  uni- 
formly poor,  and  is  a  fair  sample  of  hundreds  of  square  miles  lying  between  the  base 
of  the  Blue  Ridge  and  tide-water  in  Virginia.  *  *  *  j  think  the  experiments 
should  be  repeated  over  a  wider  country. 

On  the  other  hand,  it  is  a  familiar  fact  that  iu  the  neighborhood  of 
Charleston,  S.  C,  where  ttie  raw  phosphate  is  obtained,  its  use  in  the 
raw  state  has  not  become  general,  and  that  many  attempts  elsewhere  to 
introduce  insoluble  phosphates  have  failed.  When,  where,  and  why  the 
different  forms  of  phosphoric  acid  are  in  place,  are  i)roblems  that  demand 
thorough  investigation. 

WHAT   IS  NEEDED   FOR  SUCCESSFUL   FIELD   EXPEEI3IEXTIXG. 

Unless  I  greatly  err,  one  of  the  chief  causes  of  the  failure  of  so  much 
of  the  honest  and  thorough  field  experimenting  that  has  been  done,  to 
accomplish  its  i)uri)ose  has  been  that  the  questions  have  been  too  com- 
l)lex,  while  the  work  has  not  been  prosecuted  far  enough  to  make  it  all 
complete. 

It  is  bj'  selecting  specific  and  narrow  questions,  and  working  at  them 
systematically  and  continuously,  that  we  shall  secure  the  most  valuable 
results.  There  has  been  too  much  firing  at  random,  ^\e  need  to  choose 
proper  points  of  attack,  be  sure  of  our  aim,  and  concentrate  our  fire 
until  a  breach  is  made. 

CO-OPERATIVE  EXPERI3IENTING. 

And  we  need  not  only  to  work  rightly,  but  to  work  together.  Experi- 
ments with  a  common  object  on  a  common  plan,  conducted  by  iutelligeut, 
careful  investigators,  in  different  places,  under  different  but  accurately 
observed  and  recorded  conditions,  are  needed  to  bring  the  results  which 
scientific  agriculture  so  pressingly  demands. 

A  letter  from  Professor  Henry,  of  the  agricultural  department  of  the 
University  of  Wisconsin,  says  most  aptl^^,  ''What  we  most  need  is  i(«/o;i," 
and  dwells  upon  the  importance  of  co-operative  field  experiments  with 
fertilizers,  experiments  which  shall  be  '^far-reachhif/^' in  their  character. 

^Ir.  Sanborn,  of  the  Xew  Hampshire  Agricultural  College,  in  alluding 
to  the  fact  that  most  of  our  agricultural  science  hitherto  has  come  from 
ICni'ope,  and  tliat  we  need  facts  and  princii)les  of  our  own,  says  of  the 
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work  of  field  experimenting  with  fertilizers:  ^'It  is  of  incalculable  im- 
portance to  the  country,"  and  adds:  ''The  co-operative  plan  is  the  only 
right  thiDg  if  quick  and  reliable  work  is  to  be  done."  And  unless  I 
greatly  err,  these  gentlemen,  who,  with  numerous  others,  are  showing 
their  faith  by  their  works,  are  expressing  in  tbe  words  just  quoted  a 
general  sentiment  of  the  men  who  to-day  are  doing  most  to  promote 
agricultural  science  in  this  country. 

Now  it  seems  to  me  that  the  way  to  co-operate  is  to  co  operate.  The 
way  to  get  on  is  to  "stay  not  upon  the  order  of  your  going,  but  go." 
Go  wisel}^,  carefully,  rationally,  slowly  if  need  be — but  go. 

The  colleges  and  experiment  stations  of  nine  States,  and  several  promi- 
nent farmers  of  the  same  and  other  States,  have  already  commenced  work 
on  the  schedule  above  explained.  Six  other  colleges  and  stations  have 
made  arrangements  to  commence  the  same  experiments  this  season,  and 
three  others  are  experimenting  on  the  same  question  of  the  effects  of 
nitrogenous  fertilizers,  though  on  somewhat  different  plans. 

Several  State  agricultural  reports  show  that  the  same  enterprise  is 
being  considered  by  other  official  bodies  as  well.  The  secretary  of  the 
Ohio  Board  of  Agriculture,  Mr.  Chamberlain,  in  his  last  report  devotes 
a  number  of  pages  to  accounts  of  the  nitrogen  experiments  referred  to, 
and  suggests  the  study  of  the  nitrogen  supply  for  wheat  on  typical  soils 
in  his  State.  The  last  report  of  the  commissioner  of  agriculture  of 
Virginia  recommends  similar  exi^eriments  in  that  State.  Several  other 
State  organizations  are  taking  steps  in  the  same  direction.  Besides  all 
these,  there  are  numbers  of  intelligent  farmers  throughout  the  whole 
country  who  are  able  and  will  be  more  than  willing  to  contribute  most 
efficient  work.  The  experiments  above  cited  suffice  to  prove  this  beyond 
all  doubt. 

With  the  assured  co-operation  of  so  many  rei^resentative  men,  includ- 
ing really  the  majority  of  the  best-known  experimenters  in  the  country, 
the  feasibility  of  co-operative  experimenting  is  no  longer  a  question. 
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In  organizing"  a  system  of  co-operative  experimenting,  to  whicli  the 
above  address  is  devoted,  one  great  need  is  an  official  and  iutiueutial 
center,  wiience  suggestions  and  plans  for  work  may  emanate,  and  where 
reports  of  results  may  be  collated,  arranged,  and  published,  and  with 
whose  Avise  aid  all  can  work  together.  By  the  espousal  of  the  enterprise 
by  the  Agricultural  Department  at  Washington,  under  its  present  very 
efficient  management,  this  want  is  most  happily  met.  And  nothing 
could  be  more  auspicious  for  such  a  union  between  the  department  and 
the  best  experimenters  of  the  country  than  the  discussions  and  action 
of  the  late  convention. 

PLANS   FOR   EXPERIMENTS. 

In  accordance  with  a  request  from  the  Commissioner  of  Agriculture, 
I  have  undertaken,  with  the  aid  of  several  well-known  workers  in  this 
line,  to  prepare  some  plans  for  experiments ;  doing  so,  however,  with  the 
feeling  that  what  is  wanted  is  not  detailed  and  inelastic  schedules,  but 
rather,  outlines  which  each  experimenter  can  fill  in  as  seems  to  him  most 
advisable.  Every  man  knows  his  own  circumstances,  and  every  intelli- 
gent worker  has  valuable  ideas  of  his  own,  which  others  have  not.  It 
seems  to  me  that  the  most  effectiv^e  system  will  be  one  which  will  enable 
each  to  develop  his  own  ideas,  while  we  all  work  together  and  contribute 
our  results  to  the  common  fund. 

KIND   OF   INVESTIGATIONS   THAT   ARE   NEEDED. 

To  get  the  most  complete  results  we  need : 

I.  Field  experiments,  to  include — 

a.  The  culture  of  plants  on  plots  of  land  treated  with  different  ma- 
nures, and  careful  weighings  and  measurements  of  produce. 

b.  Where  practicable,  chemical  and  physical  studies  of  the  soil. 

c.  In  many  cases,  chemical  analyses  of  the  plants. 

II.  Pot  experiments,  in  which  the  conditions  can  be  definitely  known 
and  controlled,  and  the  needed  studies  of  soil  and  plants  be  carried  out 
with  equal  or  greater  convenience  and  accuracy. 

Indeed,  it  is  safe  to  say  that  there  ought  to  be  in  the  various  sections 
of  the  (country  chemical  and  i)hysical  surveys  of  the  land  in  the  behalf  of 
agriculture,  as  there  have  been  topographical  and  geological  surveys 
in  the  behalf  of  other  industries  and  interests.  And  in  fact  this  is 
precisely  the  direction  in  which  we  are  tending  in  this  experimental 
work. 

2  a  17 
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PLANS   FOR   FIELD   EXPERniENTS. 

The  subjects  proposed  at  the  ^Yasllingtoll  convention  for  co  ope  raiive 
experiments  were: 

1.  The  snp])ly  of  nitrog:en  to  plants. 

2.  The  action  of  phos])horic  acid  in  different  forms  of  combination 
and  in  different  fertilizinrr  materials  upon  the  growth  of  plants. 

Practically,  so  far  as  lield  experiments  are  concerned,  these  two  sub- 
jects reduce  themselves  to  the  study  of  the  action  of  nitrogenous  and 
I)hosphatic  fertilizers. 

The  first  thing,  then,  will  be  to  see  what  materials  are  to  be  employed. 

Since  similar  questions  regarding  potash  will  naturally  arise,  it  may 
be  well  to  include  brief  suggestions  regarding  potassic  fertilizers.  Of 
course  sulphuric  acid,  lime,  and  magnesia  could  be  treated  in  like  man- 
ner it  it  should  hereafter  become  desirable. 

QUANTITIES    OF  3IATEKIALS    TO   BE   USED. 

To  decide  what  quantities  of  materials  will  be  best  for  the  purpose  is 
not  easy,  because  of  the  lack  of  the  very  data  for  which  the  experiments 
are,  in  part,  to  be  made.  Neither  the  proportions  which  occur  in  anj- 
crops,  nor  those  in  farm  manures,  could  well  serve  as  a  standard.  Prob- 
ably the  best  plan  will  be  to  endeavor  to  select,  as  extremes,  the  smallest 
and  the  largest  quantities  that  general  experience  has  brought  into  ordi- 
nary use,  and  arrange  intermediate  quantities  at  proper  intervals  be- 
tween. 

Nitrogen. — A  dressing  of  450  pounds  of  nitrate  of  soda  per  acre  is 
probably  as  large  as  would  be  apt  to  be  used  in  this  country,  in  ordi- 
nary practice,  on  ordinary  crops.  At  the  same  time  it  is  no  more  than 
has  been  found  profitable  in  previous  nitrogen  experiments,  and  is  per- 
luips  as  small  as  would  be  advisable  for  the  maximum.  At  W  per  cent, 
it  would  contain  72  pounds  of  nitrogen. 

Three  hundred  pounds  of  an  ammoniated  superphosphate  with  3  per 
cent.,  or  9  pounds,  of  nitrogen,  is  not  an  unusual  dressing  per  acre.  As 
little  as  200  pounds,  with  only  G  pounds  of  nitrogen  per  acre,  is  a  com- 
mon quantity  for  cotton,  and  indeed,  for  other  crops,  when  applied  in 
the  hill  or  drill  or  as  a  supplement  to  other  manures.  Six  pounds  of 
nitrogen  is  a  ver^'  small  quantity  for  an  acre  of  land.  Twelve  pounds, 
which  w^ould  be  contained  in  75  pounds  of  nitrate  of  soda,  would  seem 
to  be  little  enough.  Still,  it  will  be  well  to  provide  lor  as  small  an 
amount  as  is  ordinarily  used. 

In  arranging  the  rations  it  would  seem  best  to  make  the  difference 
between  the  smaller  rations  less  than  that  between  the  larger  ones.  In 
tlw  previous  nitrogen  experinients,  three  rations,  '-one-third,''  "two- 
thirds,"  and  "three-thirds,"  with  24,  48,  and  72  pounds  of  nitrogen  per 
acre,  respectively,  have  been  employed.  Prefacing  these  by  a  "one- 
twelfth"  ration  of  (>  jmunds,  and  a  "one-sixth"  ration  of  12  i)ounds,  we 
shall  have  a  series  of  five: 
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Sitrofjen  rations. 

a.  One-tT^'elftli  ration:  Nitrate  of  soda,  38  pounds,  witli  6  pounds 

of  nitrogcMi. 
1).  One-sixth  lation:  Xitrate  of  soda,  75  pounds,  with    12  pounds 

nitrogen. 

c.  One  third  ration:    Xitrate  of  soda,  150  pounds,  witli  24  pounds 

nitro<ien. 

d.  Two-thirds  ration:    Nitrate  of  soda,  300  pounds,  with  48  pounds 

nitrogen. 

e.  Full  ration :  Nitrate  of  soda,  450  pounds,  with  72  pounds  nitro- 

gen. 

Of  this  list,  eitlier  all  or  part  raay  be  used.  Thus  on  soils  or  for 
crops  where  smaller  quantities  are  in  i^lace,  a.  h.  and  c.  could  be  em- 
ployed. AVhere  more  nitrogen  is  wanted,  c.  d.  and  e.  would  be  better. 
If,  as  is  not  impossible,  experience  should  show  that  the  smaller  rations 
are  too  small  to  be  useful,  it  will  be  a  very  simple  matter  to  omit  them. 

PJiOuphoric  acid. — One  hundred  pounds  of  a  superi)hosphate  with  IG 
per  cent.  Po  O.-,  is  as  little  as  would  be  often  used  on  an  acre,  while  600 
pounds  with  9G  pounds  of  P2  O5  would  be  a  large  dressing.  In  view  of 
the  tact  that  general  experience  has  led  to  the  employing  of  much  larger 
quantities  of  phosphoric  acid  than  of  nitrogen,  the  proportions  within 
this  range  would  be  none  too  large  to  go  with  those  of  nitrogen  sug- 
gested.    Doubtless  a  series  of  four  rations  arranged  as  belov\'  would 

suffice. 

Fhophoric  acid  rations. 

a.  Cue-sixth  ration :  100  pounds  snperphosphate  with  IG  pounds 

phosphoric  acid. 
1).  One  third  ration :  200  pounds  superphosphate  with  32   pounds 

phosphoric  acid. 

c.  Two-thirds  ration  :  400  pounds  sux)erphosphate  with  64  pounds 

l)hosphoric  acid. 

d.  Full  ration :  600  pounds  superphosphate  with  96  pounds  phos- 

phoric acid. 

Potash. — Many  of  the  popular  fertilizing  mixtures  are  calculated  to 
supply  very  small  quantities  of  potash,  not  over  17  pounds  per  acre, 
while  200  pounds  of  muriate  of  potash  are  often  used  for  a  dressing. 
Taking  these  as  extremes  and  dividing  as  before  we  shall  have — 

Potash  rations. 

a.  One-sixth  ration :   33  pounds  muriate  of  potash  with  17  pounds 

potash. 
1).  One-third  ration:  67  pounds  muriate  of  potash  with  33  pounds 

potash. 
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c.  Two  thirds  ration:  133  pounds  muriate  of  potash  with  67  pounds 

potash. 

d.  Full  ration  :  200  pounds  muriate  of  potash  with  100  ponnJs  pot- 

ash, 

Putting  the  above  forms  together  we  have  rations  as  follows  : 
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One-third  ration | 

T\vo-thir«ls  ration I 
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DUPLICATTOX   OF   TESTS. 

A  very  great,  if  not  the  greatest,  obstacle  to  the  success  of  field  experi- 
ments is  the  nnevenness  of  soils.  The  variations  in  the  produce  of  dif- 
ferent plots  of  apparently  unilorm  land  under  the  same  treatment  is 
often  very  surprising.  An  experiment  in  which  duplicates  agree  r.s 
closely  as  could  be  desired  is  the  exception  rather  than  the  rule.  Cases 
in  which  the  deferences  between  i)lots  treatv^d  alike  are  greater  than 
between  those  treated  differently,  are,  if  anything,  more  common. 

To  get  around  this  difficulty,  numerous  devices  are  eni])loyed.  One  is 
to  test  the  uniformity  of  the  ])lots  by  treating  all  alike  the  first  year,  and, 
if  they  vary  materially,  to  either  attempt  to  average  duplicates  so  as  to 
make  the  differences  counterbalance,  or  to  allow  for  the  differences  in 
computing  the  final  results.  One  serious  objection  to  either  of  these 
l)lans  is  the  uncertainty  as  to  the  cause  of  the  variation  and  to  whether 
it  ^^ill  be  constant  in  succeeding  years. 

Another  plan  consists  in  making  the  plots  long  and  narrow,  so  as  to 
equalize  the  difierences.  This,  though  often  successful,  is  not  always 
so.  The  ideal  method  would  be  to  test  the  experimental  areas  by  uni- 
form treatment  for  a  series  of  years  until  temporary  causes  of  irregu- 
hirity,  such  as  came  from  manuring,  tillage.,  cropping,  &:c.,  were  elimin- 
ated, and  to  use  for  experiment  only  such  as  prove  to  be  intrinsically 
uniform. 

Where  feasible,  this  latter  ])lan  is  certainly  to  be  recommended.  But 
if  we  are  to  begin  an  experiment  at  once,  doubtless  the  best  way  is  to 
use  small  ])l()ts  and  duplicate  the  trials  by  using  the  same  materials  on 
several.  This  duplicating  will  t<\st  the  iinilbnnity  and  reliability  of  the 
whole  exi)criment,  and  give  averages  whit*h,  w  hen  no  untowani  circum- 
stan(;es  prevent,  are  pretty  sure  to  be  fairly  satisfactory  and  are  oiteu 
perfectly  so. 
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SIZE   OF   EXPERraiENTAL  PLOTS. 

Ordinarily,  plots  of  eigbt  square  rods,  one-tweutietb  acre,  each,  seem 
as  satisfactory  as  any.  In  most  cases,  two  plots  of  one -twentieth 
would  be  preferable  to  one  of  one-tenth  acre.  At  least,  such  is  the 
impression  left  on  my  mind  after  looking  over  the  reports  of  several 
hundred  experiments  sent  me  for  examination.  Before  this  experience 
I  was  inclined  to  larger  areas,  but  I  have  been  surprised  at  the  uniform- 
ity of  small  i)lots,  when  they  are  long  and  narrow.  Some  of  the  most 
satisfactory  field  experiments  have  been  on  plots  of  only  four  square 
rods.  It  is  very  common  to  leave  a  number  of  plots  unmanured  to  test 
I  the  uniformity  of  the  soil,  but  it  is  a  question  whether  this  purpose  is 
I  not  better  served  by  duplicating  manured  plots,  and  using  not  more  than 
j  two  or  three  unmanured  for  an  ordinary  experiment.  Thus,  for  the  nitro- 
gen experiments,  the  most  satisfactory  plan  I  have  found  has  been  to 
leave  one  unmanured  plot  on  each  side  of  the  experimental  held,  and 
to  frequently  duplicate  the  "basal  mixture"  of  superx)hosphate  and 
potash  salt. 

I  SPACES  BETWEEN   THE  EXPERIMENTAL  PLOTS. 

Another  frequent  cause  of  inaccuracy  in  field  exi^eriments  with  fer- 
tilizers is  the  extension  of  the  roots  of  the  plants  of  one  plot  into  the  soil 
of  the  next  one,  so  that  the  plants  feed  upon  their  neighbors'  fertilizers. 
The  roots  of  corn,  for  instance,  extend  laterally  several  feet,  and,  un- 
less something  is  done  to  prevent,  the  plants  may  get  so  much  material 
that  does  not  belong  to  them  as  to  vitiate  the  results  of  the  experiments. 
The  yield  on  an  unmanured  plot  between  two  manured  ones  is  often 
]nuch  larger  than  on  another  unmanured  plot  whose  plants  have  not 
the  fertilizers  close  at  hand  to  draw  upon.  The  best  plan  to  obviate 
this  is  to  leave  unmanured  strips  between  the  experimental  plot  so  wide 
that  the  roots  will  not  reach  across  them.  The  difiiculty  can  be  helped, 
of  course,  by  plowing  between  the  plots  deep  enough  to  cut  the  roots. 

niteoge:n^  experiments. 

In  planning  these  experiments  we  need  to  consider  the  questions  to 
be  studied,  the  forms  and  quantities  of  nitrogen  to  be  used,  and  the 
most  fitting  arrangement  for  the  experiments.  The  following  details 
naturally  suggest  themselves : 

A. — Questions  especially  needing  Study. 

I.  The  action  of  nitrogen  in  different  forms  and  amounts  upon  the 
;  growth  of  plants  under  varying  conditions  of  crop,  soil, 

climate,  season,  &c. 

II.  The  feeding  capacities  of  different  plants  as  related  to  nitrogen,  /.  e., 
j-  their  capacities  for  providing  themselves  with  nitrogen 
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from  natural  sources,  and  for  utilizing  tliat  furnislied  in 
the  fertilizers,  in  so  far  as  these  capacities  are  indicated 
by  effects  of  the  nitrogenous  materials  upon  their  growth. 

B. — Forms  and  AMOUiS^TS  of  Nitrogen  and  Kitrogenous  Fertil- 
izers. 

I.  The  most  important  forms  of  nitrogen  are: 

1.  Nitric  acid. 

2.  Ammonia. 

3.  Organic  nitrogen. 

II.  Among  the  kinds  of  fertilizers  containing  nitrogen  in  these  forms, 

the  following  are  important : 

1.  Nitric  acid.  3.  Organic  nitrogen. 

a.  Nitrate  of  soda.  ^  a.  Dried  blood. 

1),  Nitrate  of  potash.  h.  Meat  scrap. 

2.  Ammonia.  c.  Fish  scrap  and  fish  guano. 

a.  Sulphate  of  ammonia.  d.  Leather  scraps. 

III.  Quantities,  as  above   named,  to  wit,  "one- twelfth,"  "one-sixth," 

"one-third,"  "two-thirds,"  and  "full  rations,"  or  0,  12,  21, 
48,  and  72  pounds  per  acre. 

DETAILED  PLANS. 

In  the  account  of  nitrogen  experiments  above  (pages  6,  8,  and  0)  are 
schedules  of  the  kinds  and  quantities  of  fertilizing  materials  there  em- 
ployed. Judging  from  the  results  of  past  experience,  however,  those 
schedules  would  be  improved  by  slightly  altering  the  quantities  so  as  to 
make  them  conform  with  the  rations  just  named,  and  by  enlarging  the 
list  of  nitrogenous  fertilizers  to  be  tested. 

Kinds  of  Nitrogenous  Fertilizers. 

The  following  will  doubtless  be  to  the  purpose : 

1.  For  nitric  acid,  nitrate  of  soda,  96  per  cent,  purity,  with  16  per  cent, 
nitrogen. 

2.  For  ammonia,  suli)hate  of  ammonia,  with  21  i^er  cent,  nitrogen. 

3.  For  organic  nitrogen. 

a.  Dried  blood  (steam  dried),  with  11  per  cent,  nitrogen.  , 

h.  Meat  scrap,  azotin,  with  11  per  cent,  nitrogen.  \ 

c,  Fisli  guano,  with  8  i)er  cent,  nitrogen. 

d.  Leather  scraps  (finely  pulverized),  with  7  per  cent,  nitrogen. 

1.  For  nitric  acid,  ammonia,  and  organic  nitrogen  together,  "nitiogen 
mixture,"  consisting  of  nitrate  of  soda,  16  per  cent,  nitrogen; 
suii)liate  of  ammonia,  21  per  cent,  nitrogen,  and  dried  blood 
11  per  cent,  nitrogen  in  equal  parts,  and  containing  16  per  cent., 
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Quantities  of  Xitrogenous  Fertilizers. 

We  may  plan  for  each  nitrogenous  fertilizer  a  ''group"  with  rations, 
as  above  suggested.  Thus  vre  may  have  nitrogen  groui)s  with  quanti- 
ties per  acre  as  follows : 

Nitrogen  Rations. 


Eat  ion. 


Nitrate  of  soda 
Guour 


One  twelfth 
One-sixth  . . 
One-tliird... 
Two-thiids  . 
Full 


Nitrate  of 
soda. 


Pounds. 

38 

75 
150 
300 
450 


Sulphate  of  am- 
monia Group. 


Kation. 


Sulphate  of 
ammonia. 


Pounds. 

29 

57 
114 
228 
343 


1 

EatioB. 

Dried 
blood. 

i 

Eation. 

Nitrogen 
mixture. 

r    One-twelfth 

^^^°^^ 1  1  Two-thirds 

Full. 

Pounds. 

55 

110 

220 
440 
660 

NiTROOEN       MIX-  J 

TURE  Group..  ~ 

One-twelfth 

One-sixth 

One-third 

Two-thirds 

Full 

Pounds. 

38 

75 
150 
300 
450 

1 

ARRANGEMENT   OF   THE  EXPERIMENTS. 


In  this  way  such  materials  as  may  be  most  desirable  can  be  selected 
for  each  experiment,  and  for  each  a  group  be  used  with  all  or  part  of 
the  rations  suggested.  Future  experience  must  show  what  quantities 
will  be  best.  Probably,  for  ordinary  crops  in  the  Xorth,  the  three  larg- 
est rations  will  be  well.  In  the  South,  for  cotton,  very  likely  the  smaller 
will  be  preferable.  At  any  rate,  this  flexibility  of  x)lan  allows  fair  lati- 
tude of  detail,  and  at  the  same  time  secures  the  uniformity  needed  for 
the  tabulation  and  comparison  of  different  experiments. 

In  some  cases  it  will  be  desirable  to  use  the  nitrogenous  fertilizers 
alone.  In  the  majority  of  cases,  however,  the  full  effect  of  the  nitrogen 
will  not  be  manifested  unless  some  other  materials  are  added.  Generally 
speaking,  the  experiment  will  be  most  satisfactory  with  "complete  fertil- 
izers," such  as  can  be  made  by  adding  the  nitrogenous  materials  to  a 
mixture  of  sui:)erphosphate  and  potash  salt,  which  may  be  designated 
as  "mineral  fertilizers"  or  "mixed  minerals."  For  these,  the  two-thirds 
rations,  100  pounds  of  superphosijhate  and  133  pounds  of  muriate  of 
potash,  will  probably  be  adapted  to  a  larger  proportion  of  the  soils  and 
croi)s  than  the  mixture  of  300  pounds  of  superx^hosphate  and  150  pounds 
of  muriate  of  potash,  used  in  the  former  nitrogen  experiments.  Taking 
the  basal  mixture  named,  and  adding  the  several  rations  of  nitrate  of 
soda  we  shall  have  a  "Nitrate  of  Soda  Group"  of  five  mixtures,  each 
mixture  containing  the  "mixed  minerals"  with  a  nitrate  of  soda  ration 
as  below : 

Nitrate  of  /Soda  Group: 

Mixed  minerals  with  nitrate  of  soda,  one-twelfth  ration. 
Mixed  minerals  with  nitrate  of  soda,  one-sixth  ration. 
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Mixed  minerals  with  nitrate  of  soda,  one-third  ration. 
Mixed  minerals  with  nitrate  of  soda,  two- thirds  ration. 
Mixed  minerals  with  nitrate  of  soda,  full  ration. 
The  amount  per  acre  and  the  percentages  of  the  several  ingredients  in 
the  nitrogen  mixture  group,  for  instance,  would  be  as  follows : 


Fertili 

zing  materials. 

Ingredients. 

«© 

-i? 

£?J 

« 

05 

-3 

^- 

^ 

a 

Xitrogen  mixture  grroup. 

4! 

c  ^ 

il 

.2  5 
1^ 

E   3 

1* 

f! 

0 
a" 

0 

t 

One-tvrelfth  ration 

400 

133 

33 

G4 

67 

6 

11.2 

11.7 

1.5 

One-sixth  latiun  

400 

13J 

To 

64 

67 

12 

10.5 

11.0 

2.0 

One-third  lation 

400 

133 

150 

64 

67 

24 

9.3 

9.8 

3.5 

Two-thirds  ration 

400 

333 

300 

64 

67 

48 

7.6 

8.0 

5  8 

400 

133 

4:0 

64 

07 

72 

6.5 

e.. 

7.  3 

PRELi:.ii::Ar.Y  geoup. 


The  experiment  will  he  much  more  satisfactory  if  we  know  the  effects 
of  the  superphosphate,  potash,  salt,  and  nitrogenous  materials  sepa- 
rately, and,  inferentially,  the  capacity  of  the  soil  to  supply  the  phos- 
phoric acid  and  potash  as  well  as  the  nitrogen.  To  this  end  we  may 
use  the  materials  separately,  and.  two  by  two,  as  has  been  done  in  pre- 
vious experiments,  and  is  shown  in  the  schedule  beyond.  In  the  ex- 
perimentc  described  above  the  nitrogen  of  the  preliminary  groups  has 
been  supplied  in  either  nitrate  of  soda  or  "  nitrogen  mixture.''  Though 
experience  has  shown  very  little  difference,  probably  the  mixture  will 
be  the  safer,  and  accordingly  it  is  here  recommended. 

As  urged  above,  the  many  sources  of  error  in  field  experiments  make 
duplicates  very  important.  This  may  be  effected  by  repeating  the  nitro- 
gen groups,  in  which  opportunity  is  taken  to  test  the  different  forms  of 
nitrogen,  and  by  putting  the  mixed  minerals  on  each  side  of  each  nitrogen 
group,  thus  testing  the  uniformity  of  the  soil,  replacing  the  unmanured 
l>lots,  and  showing  more  accurately  the  effects  of  the  nitrogen. 

To  recapitulate  briefly,  our  experimental  fertilizers,  as  thus  planned, 
Avill  be  arranged  in  groups,  thus  : 


Partial  fertilizers 


>  Preliminary  Group.  Each  by  itself, 
)     and  two  by  two. 


^  Thn.s 


Thn.s  testing  the  effects  of  inrrredients 
'paraltly  and  capacity  of  soil  to  sup- 
theiu. 


r  Nitrate  of   soda  Groni 
acid  in  nitiatc  of  sod 


Nitrogen  as  nitric ) 


Nitrogen  in  nne-twclff li.  on.' 
si.\th,  ont'-tliird,  twolhinls. 
and  full  rations. 


I  Sulphate   of   aniniouia  (Jroup.     Nitrogen  as 
ammonia  in  sulphate  of  ammonia. 
v.um,M.-cv:..«..c.=.  ^I),.J^.,1   1,1^,,,,,    (.,.,|;,j,       Nitrogen  as    organic 

nitrogen  in  dried  llood. 

Nitrogen    mixture  Group.     Nitrogen   in  tlu-  ] 

three  forms  named  above.  J 

Other  gr()ui>.s  containing  meat  scraj),  fish  ^uano.  reruvian  guano, 
leather  sera]),  «S:c.,  can  be  employed  at  the  discret  on  of  the  exix'ii- 
menter.     When  desired,  as  may  be  the  case  vrith  cottou,  for  instance, 
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haTtJie  quantities  maybe  used,  or  tbe  same  quantities  distributed  over 
double  the  area.  The  preliminary  groups  can  be  omitted  if  necessary, 
the  nitrogen  groups  used  without  the  basal  mixture,  and  a  smaller  list 
of  rations  used  in  each  groux),  as  may  be  desirable  in  each  case.  Two 
nitrogen  sets,  which  can  be  obtained  read^'  for  use,  are  described  beyond. 

PHOSPHORIC  ACID  EXPEEIMENTS. 

In  devising  plans  for  these  ex])eriments  we  have  to  consider  what 
questions  are  to  be  studied  and  what  comi)Ounds  of  phosphoric  acid  are 
to  be  employed. 

A. — Questions  to  be  studied. 

The  following  may  be  regarded,  at  the  outset  at  least,  as  among  the 
more  important: 

I.  The  action  of  phosphoric  acid  in  different  forms  and  amounts  upon 
the  growth  of  plants  under  different  conditions  of  croj),  soil,  climate, 
season,  &:c.,  e.  </., 

1.  Soluble  vs.  precipitated. 

2.  Soluble  vs.  insoluble. 

3.  Effects  of  fineness  of  pulverization  upon  the  availability  of  in- 

soluble phosphoric  acid  in  bone,  rock  i)hospliate,  &c. 

4.  Bone  vs.  mineral  phosphate. 

5.  Eaw  boners,  boiled  bone;  i.  e.,  bone  from  which  gelatine  has  been 

extracted. 

II.  The  feeding  capacities  of  different  plants  as  related  to  phosphoric 
acid,  i.  e.,  their  capabilities  of  availing  themselves  of  the  supplies  of 
phosphoric  acid  at  their  disposal  in  the  soil,  and  in  fertilizers,  in  so 
far  as  their  capabilities  are  indicated  by  the  observed  effects  of  the 
phosphoric  acid  compounds. 

B.—FORMS    AND     A3I0UNTS    OF    PHOSPHORIC    ACID    AND   PHOSPHATIC 

COMPOUNDS. 

The  following  list  seems  complete  enough  for  the  present  purpose : 

I.  Forms  of  phosphoric  acid  : 

1.  So.uble. 

2.  Precipitated. 

3.  Insoluble. 

II.  Kinds  of  phosphatic  compounds ; 

1.  Bone. 

a.  liaw. 
h.  Steamed. 

c.  Bone  black. 

d.  Bone  ash. 

2.  Phosphatic  guanos. 

a.  Curagoa,  &c. 
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3.  Mineral  or  rock  pliospliate. 
a.  South  Oaroliua. 
h.  Navassa. 
c.  Apatite,  &c. 

III.  Grades  of  fiueiiess:  The  grades  of  fineness  will  naturally  depend 
upon  what  the  market  aflbrds.     AYe  might  use,  for.  instance : 

1.  Coarse. 

2.  Medium. 

3.  Fine. 

IV.  Quantities  of  phosphoric  acid: 

Each  of  the  several  forms  may  be  used  in  different  ^'  rations,"  the 
several  rations  making  a  group,  as  in  the  nitrogen  experiments. 

DETAILED   PLA^^S. 

For  the  specific  materials  to  furnish  the  phosphoric  acid  in  the  soluble 
and  precipitated  forms,  the  following  are  perhaps  as  well  fitted  for  the 
purx^ose  as  any.     Of  course  others  will  suggest  themselves. 

1.  Soluble  x)hosphoric  acid : 

a.  Dissolved  bone  black  with  16  per  cent.  P2O5. 
1).  High-grade  superphosphate  with  32  per  cent.  P2O5. 
Of  the  above,  perhaps  («)  will  serve  best  to  begin  with. 

2.  Precipitated  phosphoric  acid.     This  may  consist  of — 

a.  High-grade  superphosphate  with  equal  weights  of  chalk,  making 
a  precipitated  phosphate  with  16  per  cent.  P2O5. 

3.  Insoluble  phosphoric  acid.     For  this,  bone,  phosphatic  guanos,  and 

mineral  or  rock  i^hosphates  will  be  in  order.     Bone  and  South  Caro- 
lina i^hosi^hate  are  perhaps  the  most  important  at  present : 
a.  Fine  bone  dust  (mesh,  40.)  from  steamed  or  raw  bone  with  25  per 

cent.  P2O5. 
1).  South  Carolina  phosphate  with  25  per  cent.  P2O5. 

QUANTITIES  OF  PHOSPHORIC  ACID. 

As  already  suggested  we  may  arrange  for  each  of  the  phosphatic  com- 
pounds a  group  of  four  rations.  Below  are  examples  with  quantities 
per  acre : 


0 

c 

ft 

r= 

£  s 

n  . 

r—    .-3 

0^ 

r  J 

>i 

isg- 

^^ 

"S  0 

a 

0^ 

fl 

'eJ 

.2 

S 

1^ 

Cj 

5 

« 

Pounds. 

Pounds. 

f 

a.  One-sixth 

100 

( 

a.  Ono-aiKth 

100 

SUl'EItPnOSPHATE    1 

6.  Oue-thinl 

2C0 

PnFCiriTATF.n        ^    ()„e.t|nnl 

200 

Gi:OLi'.                 1 

c.  .Two-liiirds... 

400 

PiiosriiATK-^ 
Guoui'.              1 

c.   Two-thirds.... 

400 

[ 

d.  Full 

GOD 

d.  Full 

uoo 

Eation. 


South  Carolina 

S  L  TE  Ul'HOS- 
I'HATE  GkOUP. 


=  ■■>     c.  T 

•    t    a.  Fi 
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One-sixtli 

One-third 

Two-thirds 

uU 


I     Pounds. 

I  ]3.3 

267 
533 


Eat  ion 


STEA^SrED 

Group. 


{a.  One-sixtli . . 
b.  Une-third.. 
c.  Two-thirds 
d.Full 


Pounds. 

67 

]33 

267 

400 


The  effects  of  fineness  of  i)ulverization  may  be  tested  by  such 
as  these : 


;roups 


Grade  of  fineness. 


Ground 
bone. 


I  Grade  of  fineness.    Phosphate. 


Fixe,  medium,  (  Fine  — 

AXi>    cOAitsKJ  Medium 

Bone      Dust]  Coarse.. 
Gitour.                t 


Pounds. 
400 
400 
400 


Fine,  medium,  j 

AND   COAKSE   S.  I 

C.  Phosphate  ' 
Group. 


Fine...- 
Medium 
Coarse.. 


Pounds. 
400 
400 
400 


The  details  of  quantities  per  acre  and  x)ercentages  of  the  Superphos. 
phate  group,  for  instance,  will  be : 


Fertilizing  materials. 

Ingredients. 

9    . 

^  . 

oT 

« 

H 

rs    . 

^ 

2 

52 

U 

■^2 

§ 

p. 

u 

§ 

•a 

'O 

SuPEurnosPHATE  Group. 

^1 
P 

«  a 

l-l 

^"2 

II 

O    P4 

SI' 

P- 
a 

% 

h 

n 

■P 

+.> 

o 

^1 

1 

1 

§ 

"A 

a: 

i? 

Ph 

P^ 

J5 

Ph 

Ph 

A,  One-sixth  ration 

150 

133 

100 

24 

67 

16 

6.3 

17.3 

4.2 

15,  Une-third  ration 

1.50 

133 

200 

24 

67 

32 

5.0 

13.9 

6.7 

C,  Two-thirds  ration 

150 

133 

400 

24 

67 

64 

3.5 

9.8 

9.4 

150 

133 

GOO 

24 

67 

96 

2.7 

7.6 

10.9 

That  is  to  say,  the  Superphosphate  Group  would  thus  consist  of  four 
mixtures.  Each  of  these  mixtures  will  contain  a  ''basal  mixture"  witn. 
nitrogen  and  potash  each  in  |  ration  (see  page  20).  To  this  basal  mixture 
the  super-phosphate  is  added  in  successive  amounts,  from  "one-sixth  ra- 
titon"  to  "full  ration,"  or  from  16  to  90  i^ounds  per  acre. 

SULPHATE   OF   LIME    (xROrP. 

Since  more  or  less  of  the  effect  of  the  superphosphate  may  be  clue  to 
its  sulphate  of  lime,  a  check  trial  with  i)laster  as  provided  in  the  schedule 
on  page  31  may  be  advisable. 

The  explanation  of  the  nitrogen  experiment  will  apply,  mutatis  mu- 

The  idea  is  to  so  arrange  the 


tancUSj  to  the  phosi^horic  acid  experiment. 
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materials  that  each  experimenter  may  select  groups  or  parts  of  groups 
at  his  (liscretiou  and  thus  make  up  such  an  experiment  as  will  be  most 
to  the  purpose  in  the  conditions  under  which  he  works. 

The  following  list  of  materials  and  groups  includes  perhaps  the  most 
important,  and  suggests  a  schedule  of  exiDerimental  fertilizers: 


Partial  Fertilizers 


It.,..  ^  „  1    1      •*„!<•")  Thus  testing  the  effects  of  ingredients 

S  Prehramary  Gronp,  each  hy  itself,  (      separatelyfand  capacity  of  soil  to  sup 
I     and  two  by  two.  ^     ply  them:  ^ 


{  Soluble  pliosphoric  acid  Group. 

I  Precipitated  phosphoric  acid  Group. 
Insoluble  pliosphoric  acid  Group.     Steamed  bone. 
.  Insoluble  ])ii()si)horic  acid  Group.     Haw  bone. 
Insoluble  phosphoric  acid  Group.     S.  C.  phosphate. 

Complete  Fertilizers.  \  ^•^^^.J^phSe.  """"^  ^"'''^'  ^^''''  ^"'^  ^'''"^'    ^'  ^'  '"^''' 
I  '  Etc.,  etc. 

Raw  bone  Group. 
South  Carolina  phosphate  Group. 
Etc.,  etc.,  etc. 


Phosphoric  acid  in 
one -sixth  ration, 
one -third  ration, 
two-t birds  ration, 
and  full  ration. 


Different  grades  of 
fineness. 


teCHEDULES  FOE  EXPERIMENTS. 

While  experimenters  will  arrange  their  experiments  at  discretion,  it 
has  seemed  to  me  desirable  to  suggest  schedules,  and,  if  practicable,  to 
make  arrangements  to  assist  them  in  i^rocuring  the  materials  with  tlie 
least  trouble  and  expense.  I  have,  therefore,  drawn  up  schedules  for 
three  sets  of  experimental  fertilizers,  as  follows: 

The  first,  '■'Nitrogen  Set  No.  1,"  is  nearly  the  same  as  used  by  a  num- 
ber of  gentlemen  last  season.  Nitrogen  is  supplied  as  nitric  acid, 
ammonia,  and  organic  nitrogen,  in  three  groups  with  three  rations,  ^,  §, 
and  full  ration,  in  each.  The  set  requires  18  plots  for  the  fertilizers, 
w  hich,  with  two  unmanured,  would  make  20  plots,  or,  with  one-twentieth 
acre  plots,  one  acre  of  land,  for  the  exx)eriment.  With  spaces  between 
the  plots  a  larger  area  will  be  needed. 

NITROGEN  SET  NO.  1. 


Materials. 

Aiuouuts 

§2 
§^ 

ill 

< 

1 

C 

it 
H 

i 

a 
c  p. 

Pounda. 
7.5 

20.0 
6.7 
7.5 

20.  0 
7.5 
6.7 

20.0 
6.7 

26.7 
7.5 
26.7 
15.0 
26.7 
22.5 

26.7 

Po 

mds. 
15.0 

40.0 

3      Muriate  of  potash                                                             

1 ;  3 

.    C  Xitrati^  of  soda,  one-third  ration  . ... 

15.  0 

Preliminary  Group  . . 

40.0 

-    ^  Xitrat*'  of  soda,  one-third  ration  . 

].').  0 

"  )  Muriate  of  potash 

13  3 

MSS'Tfebi^'-'i  ""-->'•{ :  - 

40.  0 

13  :{ 

f  -    (  j\ri\ed  minerals  as  No  6                                         ... 

.')3.  3 

15.  0 

Jf  itrate  ofsoda  Grouj) 

g    S  Mix''<l  uiiucral.s  as  No  (i                                               ...... 

."■.3  .3 

00.0 

fj    ^  ^lixed  inineral.><  a.s  No.  6 

53.  3 

I  Nitrate  of  soda  full  i  at  ion 

45  0 

Ga.  Mixed  minerals,  as  No.  6 

53.3 
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NITROGEN  SET  No.  1— Continued. 


Materials. 


Amounts 


f  ^^   C  Mixed  minerals,  as  No.  6 

I      ■  I  Suli)biito  of  ammonia,  one-third  ration  . 

Sulphate  of  ammonia  j  , ,    ^  Mixed  niiui^iaLs,  as  No.  6 

Group.  "]      ■  ^  Sulphate  of  ammonia,  two-thirds  ration 

\  ^.y   ^  Mixed  minerals,  as  No.  6 

I.   "■  1^  Sulphate  of  ammonia,  full  ration 

66.   Mixed  minerals,  as  No.  6 

f ,  o   S  Mixed  minerals,  as  No.  6 

I         )  Dried  blood,  onu-third  ration 

T%  •    T  1  1      1/-.  ji.    <  Mixed  minerals,  as  No.  6 

Dried  blood  Group  -  -  <|  14-  }  ly,.^^^^  ^,i„od.  two-thirds  ration 

,  -    \  Mixed  minerals,  as  No.  0 

[  ^■^-  i  Dried  blood,  full  ration  . '. 

6c.   Mixed  minerals,  as  No.  6 


The  following,  '^Nitrogen  Set  JVo.  2,"  is  simpler,  containiDg  only  the 
preliminary  group,  and  a  nitrogen  mixture  group  with  five  rations,  and 
one  extra  ''  mixed  minerals."  It  has  the  advantage  of  greater  simplicity, 
and  of  testing  the  eiiects  of  smaller  quantities  of  nitrogen,  but  has  the 
disati  vantage  of  not  duplicating  the  nitrogen  tests.  It  can  be  greatly 
improved  by  duplicating  the  '^  nitrogen  mixture"  group,  which,  with  an 
extra  "  mixed  minerals,"  will  make  18  fertilizers.  With  one-twentieth 
acre  plots,  this  would  require  an  acre,  and  make  an  excellent  experiment. 

NITROGEN  SET  NO.  2. 


Materials. 

Amounts. 

§.2o 

ii 

f  1.     Nitrotron  mixture,  one-third  ration 

Pounds. 

7.5 

20.0 

6.7 

7.5 

•       20.0 

7.  5 

6.7 

20.0 

6.7 

26.7 

1.9 

26.7 

3.7 

26.7 

7.5 

26.7 

l.i.O 

26.7 

22.5 

26.7 

Pounds. 
15.0 
40.0 
13.3 
1.5.  0 

2.      Sui)erphosph;ite 

3.      Muriate  of  potash 

t    (  Nitnj;ren  mixture,  one- third  ration 

Preliminary  Group . . .  ^ 

■  ^  Siipc^rpliospbate    ..          

40.0 
15  0 

.    (  Niiro;:en  mixture,  one-third  ration 

"^^  I  .Muriate  of  potash 

13.3 
40.0 
13.3 

5.3.3 
3  8 

■ 

[   "•  }  Muriate  of  potash .' 

f  -    <  Mixed  minerals 

l  Nitroucn  mixture,  one-tweifth  ration 

g    (  Mixed  niincmls 

53  3 

I  Nitrojii  n  mixture,  one-sixth  ration 

7.5 

Nitrojren       mixture 

g    i  Mixed  minerals    

53  3 

Group. 

\  Nitioyien  mixture,  one-third  ration 

,^    Oli^'f'l  "'iiK'iiils 

15.0 
53  3 

•  )  Nitinireu  mixture,  two-thirds  ration 

.30.0 

,,    Olixed  minerals  .. 

53  3 

■  I  Nitrogen  mixture,  full  ration 

45  0 

6a.  Mixed  minerals 

53.3 
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The  following  specifications  are  intended  for  use  in  ordering  the  fer- 
tilizers : 

Specifications  for  niirogen  sets:  Materials  to  be  weighed  and  mixed 
wirli  greatest  possible  care  and  accuracy,  put  in  hags,  and  each  bag 
furnished  with  a  label  stating  number  and  contents  per  schedule.  Min- 
imiim  percentages  as  follo\vs:  Nitrate  of  soda,  10  percent,  nitrogen; 
sulphate  of  ammonia,  2L  per  cent,  nitrogen;  dried  blood,  11  per  cent, 
nitrogen;  superphosphate  (dissolved  bone  black)  15  per  cent,  soluble 
and  l(j  per  cent,  total  phosphoric  acid;  muriate  of  potash,  50  per  cent, 
potash. 

PHOSPHORIC   ACID   SET. 

This  tests  the  action  of  soluble  phosphoric  acid,  in  dissolved  bone 
black,  precipitated  phosphoric  acid  in  a  mixture  of  high  grade  super- 
phosphate from  bone  and  chalk,  and  insoluble  phosphoric  acid  in  bone 
from  which  the  larger  i)art  of  the  organic  matter  has  been  removed.  A 
suli)hate  of  lime  group  is  added  as  a  test  of  the  eflect  of  the  sulphuric 
acid  and  lime  of  the  superphosphates.  This  includes  25  fertilizers, 
which  with  two  unmanured  plots  would  require  27  plots,  or  if  each  plot 
is  one-twentieth  acre,  a  little  over  1 J  acres,  and  more  if  unmanured  strips 
are  left  between  the  rows.  The  set  can  be  reduced  to  21  by  omitting 
the  sulphate  of  lime  group,  and  to  18  by  using  only  three  rations  in  each 
l)hosi)horic  acid  group. 

PHOSPHORIC  ACID  SET. 


Materials. 


Preliininaiy  Group. 


Soluble      plinsplu)iic- 
acid  Gio\ip. 


E. 


"NitroiiPTi  mixture  . 

Supei  pbo.spliate  . . . 

Muriate  of  potash  . 
^  Nitroiren  mixture  . 
\  Supcrpliosphiite... 
)  Muriate  of  itotaali. 
!  Su]»er])li()s])huie. . . 
(  Xitrouen  uiixture 
\  Muriate  of  potash 


Basal  mixture  • 


A     C  Basal  mixture 

\  Dissolved  bone  black 


5  Basal  uiixture 

I  Dissolved  bone  black 

(  Basal  mixture 

I  Dissolved  bone  black 

(  Basal  mixture 

\  Dissolved  bono  black 


Fa.    Basal  mixture  . 


1     5  Basal  mixture 

I  Precipitated  phosp 


(,  Basiil  mixtun 


hosphate . 


Preripitated     phos-j    ''  )  I*"«ii)itated  piiosphato  . 

jihoiic-acid  Group.    ')  ^,    <  JJasal  uiiMure 

I     ■  )  Precipitated  phosi)hate. 


S  P.asal  iiiixluit 


I     ■  I  Precipitated  phosphate. 
Yb.    Basal  mixture 


Amounts. 


tr-  i.  S 


rounds. 

2tt.  0 
G.  7 
7.  5 

20.0 
G.7 

20.0 

0.7 

14.2 
'^.  0 
14.2 
10.0 
]4.  2 
20.0 
14.2 
30.0 

14.2 

14.2 
."j.  0 
14.2 
10.0 
14.2 
20.  0 
14.2 

yo.  0 

14.2 


Pounds. 

in.o 

40.0 

].=i.  0 
4(1,0 

y.\.'.\ 

40.0 
LxO 

i;i.3 

28.3 
10.0 
28.  i 
2(1.  0 
28.  3 
4(1.0 
28  3 
GO.  0 


28.3 

10.0 

28.  3 

20.  0 

28  3 

40.  0 

28.  3 

GO.  0 

28.3 
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PHOSPHORIC  ACID  SET— Continued. 


Aiuounts. 


Materials. 

00  j;  o 

m 

.     (  Da.sal  mixture 

^-  )  Bone  dust 

Pounds. 
14.2 
5.0 
14.2 
10.0 
14.2 
20.0 
14.2 
30.0 

Pounds. 
28.3 
10.0 
28.3 

^^-  )  i;,,ii,- (lust 

Steamed  bono  Group,  -l        '  ^^....^j  m.xturc 

"8  3 

'-'•  }  Bouc  dust... 

40  0 

^  C  Dr.sal  nuxtuie 

^- I  Bom-dust 

2S.3 

Ga.  0 

Fc.    B.^.sal  mixture  . 

f  .     C  Ba.sal  mixture  . 

i^-  i  Plaster 

Sulphate     of     limclT>    (  Ba.sal  mixture  . 

Group.  "i        I  Plaster 

I  p,    C  Basal  mixture  . 
[^-  i  Plaster 

Fd.   Basal  mixture. 


11.2 

14.2 
3.8 

14.2 
7.  5 

14.2 

11.3 

14.2 


28.3 

28.3 
7.  5 
28.3 
15.0 
28.3 
22.5 

28.3 


Besides  the  above  set,  groups  like  the  following  may  be  employed. 


Materials. 


South  Carolina  supcr- 
piiosphate  Group. 


South  Carolina  phos- 
ph:.te  Gioup. 


A. 


Steamed  bone  Group.  I 


Fine,    medium,    and 
coarse  bone  Grouj). 


Fine,  medium,  and 
coar.se  South  Caroli- 
na phosphate  Group. 


|C. 

V- 

[a. 

Ib. 
c. 


C  Basal  mixture 

)  South  Carolina  superphosphate 

\  Basal  mixture 

\  South  Carolina  superphosphate 

C  Basal  mixture 

I  S.)uth  Carolina  superphosphate 

C  Basal  mixture 

\  South  Carolina  superphosphate 

(  Basal  mixture 

\  Soutli  Carolina  phosphate 

\  Basal  mixture 

\  South  Caroliua  phosphate 

(,  Basr.l  mixture 

\  South  Cai  olina  phosphate 

C  Ba.sal  mixture 

\  South  Carolina  phosphate 

\  Basal  mixture 

)  Steamed  bom- 

C  Basal  mixture 

I  Steamed  bone 

(  B::sal  mixture 

\  SteaniLd  bom- 

(  Ba.sal  mixture 

\  Sti;anied  bone 

\  Basal  mixture    

I  Gi ound  bone  (tine) 

C  Basal  mixture 

I  Ground  bono  (medium) 

(  Basal  mixture 

(  Ground  bone  (coarse) 

y  Basal  mixturi- 

I  ?outh  Carolina  phosphate  (line)  

^  Basal  mixture 

\  South  Carolina  phosphate  (medium) 

(  Basal  mixtun; 

I  South  Carolina  phosphate  (coarse).. 


Amounts. 

CAS 

o^ 

■2?^ 

t  =5 

"=^0 

gular 
rone 
oth 
ots. 

^  0  0 

3  -  r! 

^■5-=-p. 

fi-S 

Pounds. 

Pounds. 

14.2 

28  3 

6.7 

13.3 

14.2 

28.3 

13.3 

26.7 

34.2 

28.3 

20.  7 

53.4 

14.2 

28.3 

40.0 

80.0 

14.2 
14.2 


14.2 


28.3 
28.3 


28.3 


14.2 

28.3 

14.2 

28.3 

r,.o 

10.0 

14.2 

28.3 

10  0 

20.0 

14.2 

28  3 

20.0 

40.0 

14.2 

28.3 

30.0 

60.0 

14.2 

28.3 

20.0 

40.0 

14.  2 

28.3 

20.0 

40.0 

14.2 

28.3 

20.0 

40.0 

14.2 

28.3 

20,0 

40.0 

14.2 

28.3 

20.0 

40.0 

14.2 

28.3 

20.0 

40.0 
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Specifications  for  fertilizers  of  pliosplioric  acid  set:  Materials  to  be  put 
lip  with  greatest  care,  in  bags  with  labels  stating  contents.  Minimum 
percentages  as  follows  :  Xitrogeu  mixtnre  and  muriate  of  potash  as  in 
nitrogen  experiment.  Superphosphate  (dissolved  bone  black)  with  15 
per  cent,  soluble,  and  10  per  cent,  total  P2O5.  Precipitated  phosphate 
to  consist  of  high  grade  superphosphates  32  i^er  cent,  and  chalk  in  equal 
parts,  and  to  contain  16  i)er  cent.  P2O5.  Other  materials  to  be  of  good 
average  quality. 

AERANGEMENT    OF    THE    EXPERIMENT. 

The  plan  herewith  shows  a  fitting  arrangement  for  the  "Xitrogen 
Experiment  aS'o.  1,"  and  illustrates  how  others  may  advantageously  be 
planned. 

Kite o GEN  Expeeoient. 

Arrangement  of  experimental  field. 

acre. 


With  ''Acre  set."  Each  plot 

AYhole  field  one  acre. 
With  "  Two-acre  set."  Each  plot  -^  acre 

Whole  field  two  acres. 


3 


Or  more  with  unmanured 
strips  between  each  two 
plots. 


]S^itric-acid  group. 


0.  Xo  manure. 
f    1.  Mtrate  of  soda. 

2.  Superphosphate. 

3.  JMuriate  of  potash. 

Preliminary  group <J    4.  titrate  of  soda  and  superphos])hate. 

5.  titrate  of  soda  and  muriate  of  i)otash. 

6.  Superphosphate   and  muriate   of  ])otash. 
'^^lixed  minerals.'' 

7.  Mixed  minerals  plus  nitrate  of  soda.    One- 
third  ration. 

8.  Mixed  minerals  plus  nitrate  of  soda.   Two- 
thirds  ration. 

9.  Mixed  minerals  plus  nitrate  of  soda.    Full 
ration. 

Ca.  31ixed  minerals.     Duplicate  of  Xo.  G. 
{  10.  Mixed  minerals  plus  suli^hate  of  ammonia. 
One-third  ration. 

11.  Mixed  minerals  plus  sulphate  of  ammonia. 
Two- 1  birds  rati(m. 

12.  Mixed  minerals  ])his  sulphate  of  ammonia. 
Full  ration. 

Qh.  Mixed  mhierals.     Dui)licate  of  Xo.  G. 

13.  ]\Iixe<l  minerals  plus  dried  blood.     One- 
thii-d  ration. 

14.  Mixed  minerals  plus  dried  blood.     Two- 
thirds  ration. 

15.  Mixed  minerals  plus  dried  blood.     Full 
ration. 

6c.  Mixed  minerals.     Duplicate  of  Xo.  6. 
CO.  Xo  manure. 


Ammonia  group, 


Organic-nitrogen  group 
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CROPS   TO    BE   EXPERIIVIENTED   UPON. 

The  kind  of  crop  will,  of  course,  be  selected  by  the  experimenter 
Experiments  are  needed  upon  all  our  ordinary  crops,  but  especially  on 
wheat,  barley,  rye,  oats,  corn,  sorghum,  grass,  clover,  onions,  potatoes, 
roots,  and,  in  the  South,  sugar  cane  and  cotton. 
3  A 


